It would be less susceptible to oxidation and decomposition, and even if appreciable amounts of chlorine escaped into the gas phase, their inhibiting effect would be very much less marked (as has been directly shown), since chlorine atoms continue the well-known N em st chain. This means that chlorine is not an effective remover of hydrogen atoms. Thus we can have the inhibiting effect of the salt surface without the accompanying effects of powerful chain breakers in the gas phase. 
[IV when the Reynolds number was small enough. At zero speed both (1) and (2) are of course indistinguishable, but with increasing speed Lamb's result begins to deviate from (2) much sooner than would be expected by comparison with other flow problems. Accordingly, I experimented with metal wires falling in gylcerine solutions, and found that, except at higher speeds, Lamb's formula applies only in an infinite or nearly infinite fluid, and that in any practical case when the fluid is limited by outer boundaries there is a very marked deviation from (1). Most of the experimental results conformed closely with (2), the value of the constant depending on the distance of the outer boundaries. Lamb's formula seems exact enough numerically, but at the slower speeds it applies only when the boundaries are very far away indeed; for example, when R -0-001, boundaries 500 diameter determine the drag, and it is not until they are some 10,000 diameters away that their influence disappears.
The first experiments were arranged to see whether (2) ever applied, that is, to see whether there was a range of speeds in which the fluid inertia could be neglected. According to (1) this is never so, even at the lowest speeds. Eleven wires of various diameters were allowed to fall in two different glycerine solutions, the second 2-2 times as viscous as the first. In this way two terminal speeds for each wire were determined under conditions giving Reynolds's numbers approximately in the ratio of 4-7. The same containing jar was used, so maintaining strict geometrical similarity in the form of the boundaries, and as the density of the solutions was almost identical each wire experienced the same drag in both solutions. The results are given in table 1. For each wire there are only two variables, viscosity and speed; if these are inversely proportional then the coefficient rdhiv must be strictly in dependent of Rv The last column but one in table 1 provides good evidence tha is so, the ratios of the speeds being almost exactly in inverse ratio with the viscosities. In this column, unity represents complete independence of Rt : excluding one doubtful value, the remaining ten wires average 1-008, which, over the range of Reynolds's numbers from 0-13 to 0-0001, corresponds to a total variation of less than 4 % in the resistant coefficient despite the 1300 to 1 change in Rv According to (1) the drag should have changed 2-7 times. So the experiment clearly proves that at these speeds Lamb's result is inapplicable even when the fluid extends some 150 diameters from the wire. Further, it demonstrates the existence of a purely viscous regime in accordance with (2). An earlier attempt to do this failed, and gave the false impression that (1) was valid, for instead of varying the Reynolds number by varying the viscosity of the fluid, the more obvious way, by using different sizes of wire in the same fluid, was tried. A wider range of Reynolds's number was certainly obtained, but the results gave quite a false impression. The change in geometrical proportions (wire diameter/jar diameter, wire length/wire diameter) led to changes in the drag coefficient such that the Reynolds number seemed to be having just the effect predicted by (1). Luckily a fortuitous change in viscosity drew attention to the error.
The existence of such a regime was also confirmed visually by observing the motion. This was done by first dropping a number of heated or dye-covered balls in the glycerine. These left vertical hair-like lines behind them. Then a wire was dropped, and the distortion of the field about the slowly moving wire could be seen. The flow pattern was quite symmetrical above and below the falling wire, and at a rapid glance the wire might just as well have been moving upwards. Such reversi bility is only possible when the motion is controlled by viscosity alone or by density alone, since the one involves time and the other does not.
With inertia thus eliminated the only independent variables which can influence the value of the resistance coefficient Td/f.w are the ratios L/d and d\D. The former is conveniently regarded as partly a local end-effect to be eliminated by a correction. Its value was found by comparing the terminal speeds of wires of different lengths. The results in table 2 show that as the wire is shortened its terminal speed at first rises and then falls again. The quantity L/v in the drag of each wire reduced to constant speed. This is plotted in figure 1 against L, and the curve extrapolated to L -0, where is seen to be sumably represents the drag at unit speed when the whole of the drag is end-efFect. This is a few per cent greater than the drag of a sphere of the same diameter as the wire, a convenient form in which to express the end-correction. The corresponding correction is approximately < 3>
to be subtracted from the observed value of rd/fiv. This was used, but only when Reynolds's number was less than unity: when an additive correction was used increasing the drag in the ratio (1 + 4='8d/L).
The drag of cylinders in fluids at slow speeds 475
length 4 (cm.) When the Reynolds number becomes great, inertia is no longer negligible and the drag begins to be influenced by density, so (4) must then fail. For each particular Reynolds number, failure occurs when the boundaries are sufficiently far away, since with distant boundaries the drag according to (4) becomes smaller than that in an infinite fluid, taking into account, as Lamb does, the inertia terms. Thus at every speed as the boundaries recede, there must be some distance at which (4) gives place to Lamb's formula:
rd _ 5-46 [iv log lAfijpvd'
The transition from (4) to (1) Towards the right at R1 = 0-7, Lamb's curve begins to rise too steeply, so t upper limit of the validity of his approximations. To the extreme right, the points tend towards the curve D which represents the lower end of the wind-tunnel experi ments of Relf (1914). There is some discrepancy here, the drags even after correcting for end-effects being 5-15 % less than Relf obtained, but at still higher speeds beyond the diagram the agreement was good.
Most of the data of figures 2 and 3 can be expressed as a single curve after slightly changing the origin of (4). The latter is purely empirical, and the two numerical constants in it can be varied somewhat without spoiling the fit. With the origin at 0*43 Djd,the viscous formula ( So for cylinders moving at the same Reynolds number pvdfp, two distinct resist ance laws have been found; and this may be of interest in connexion with hot-wire anemometry, particularly when speeds near a surface are to be measured. The motion, and presumably the calibration, of a hot wire will change when its distance is less than 20/i/pv from the wall.
As one would expect, the shape of the distant walls influences the drag. A cylinder midway between plane boundaries, distant H from each other, falls a little faster
